In-Circuit Emulation 
for the Apple II Computer 

Ymi can convert your Apple inio a imt for 
testing a tar^ sysktn^s hardware md softmre 

by John D. Sei;gB8on 



^^ittu)utdotd>t, die e^at method 

of debugging any microprocessor- 
based computer system is to access 
that system Hwoug^ its piocessor 
socket. Using in-drcuit-emulation 
(ICE) techniques, the most powerful 
diagnostic ^ds curmi% avifldde, 
the processor of the unit under test 
(the target) is removed, and a second 
microocHDaputer system (ihe hort) is 
linked to the tar^ throng Ae 
target's processor socket. 

are a^aodMnl 
. with expensh^ microprocessor devel- 
opment systems or equally expensive 
troubleshootii^ toob mch as the 
Fluke 9010A (manufactured by the 
^John Fluke Company of Everett, 
Washington). Howevw^ with one' 
simple dicuit you can turn yoxir 
Apple n into a host computer for 
emulation purposes. This allows it to 
test hardware and evaluate software 
in a target system based on a 6502 
niicroprocessor {or One c om j Mtfftte 
With the 6502). 

The Apple U in-drcuit emulator is 
carried on one Apple card. A 40-con- 
ductor ribbon cable, terminated in a 
dual-inline plug, connects the ICE to 
the target microcomputer (see figure 
1). The ICE card gives the Apple 
limited emulation capability, allowing 
it to relocate any 2K-byte block of ad- 



dw normally free memory area at and guides^ user with recommen- 

locations CSOO through CFFF hexa- dations if a fault is detected, 

decimal in the Apple (see figure 2). In this article IH describe test 

lite memory region observed in the modules for estnd^ng the system 

target systeni is software selected by buses and testing RAM and ROM. m 



writing to an address-select latch. 
Becaosetfds sdecHon is ni^ter pro- 
gram control, you can write routines 
in the host system to test the target 
systen^s entire memory map. 



conclude with a case study that il- 
histrates how die ApfAe ICE can be 

used to test Rockwell International's 
AIM-65 single-board computer. 



ICE Hardware 

Figure 3 on page 422 shows a dr^ 
cuit diagram of dw KS card. Address 

lines AOto AlO tog ether with control 



With one simple circuit 
you can turn the Apple ,. , = 

II In4>» 9 ^mmJI».- RES pass direct- 

II Into a host COn^Hlter lyfrom*eApp!etothet£getsystem 
for emulation purposes, via octal driver chips IC4 and ICS. 



■fest software can be written in 
either a high-level language, such as 
BASIC, or in machnie code, and it 
can be directed at the main functional 
blocks within the target ^tem; 
system buses, RAM (tand(nn-Kcea# 
read/write memory), ROM (read- 
only memory), and I/O (input/out- 
put) devices. 

Routines written in BASIC tend to 
be inconveniently slow for even the 
simplest tests. The more effective ap- 
iwoach is to write standard test 
modules in machine code and use a 



BASIC program to form an Eweiall 
|dre8s space in die taiget system into .l«afei!lamy- tll.tf ing p nsiR jjtelBH* 



However address lines AH to A15 in 
the target system are not obtained 
from their Apple equivalents but are 
instei^generated by the block-select 
latdi far section of die five 
most significant lines in the target 
system, a control word is first writ- 
ten to dds latdi> which is clocked by 
the Apple I/O SELECT line. Hence, 
if the ICE was in slot 5, the following 
short pn^mn wotdd set All to ^ 
in die target ^nton to zero: 

UDAHOO \setB AlltoABtoMlo 
SIX CSOO \ activates the I/O SELECT 

line in slot 5. 

After die Uock-sdect latch is con- 
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Figure 1: The processor is ranoved from the target system, which is then amneO^ to the 
host ma a 4/l^4xmdiiaor rSibon cO^ 
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Figuie 2: Any 2iC-i>yte Mocfc of memory spaa in the target stfstem can be nwpped into the 
mptg mtitmy iUit fim batm (MO lo cm bexad^ 



f^ured, any read or write operations 
to memory locations between C800 
and CFFF hexadecimal in the Apple 
activate the address decoder chip ICl 
and enable the output of latch IC3, 
establishing corresponding addresses 
between 0000 and 07FF hexadecimal 
in the target system. 

The address decoder (ICl) also en- 
ables the octal transceiver (IC2), 
allowing data to be either written to 
or received from the target system. 
The decoder JO might seem u nnec- 
essaiy because I/O STROBE is ac- 
tive low for addresses between C800 
and CFFF hexadeci mal. Howevei y 
dose ecantination of I/OSTROBFs 
timing shows that its low state ap- 
pears too late in the timing cycle to 
enable dow memory or I/O devices 
in the target ^stem (see figure 4 on 
page 427). 

Ibst Software 

The aoftwaie required for testing 
falls into two categories: (1) routines 
Oiat exercise and test the various 
functional areas of the target micro- 
computer—its BySiem buses, RAM, 
ROM, and I/O devices— and (2) the 
overall test prog^, which guides 
you tiuDug^ ^e test sequence, call- 
ing the functional tests and perform- 
ing the tasks normally performed by 
a ftmlt^dlng tree (i.e., pinpointing 
the source of the fault and suggesting 
a remedy— for instaiKC, "replace 
ICZS'Mnr initiating a new test to 
gather more information). 

The following section describes the 
bmctional tests, |nroviding tiuee 
routines written in 6502 assembly 
language. Each program operates on 
(he memory wfatdow at loorticnu 
C800 to CFFF hexadecimal between 
the Apple and the target system. 

Address and Data-Bus Ibgyk Tat 

Before launching into con^lec tests 
of Ihe systarfB lO, lest the integrity 
of the S)^tem buses. With a toggle 
test you can exercise the address and 
data-bus Ikies by ahemately driving 
them high and low. Listing 1 on page 
427 shows such a test program, 
atartt by s^ actin g addresses in 
the binary pattern TOlOl ... in the 
target system. A dumn^ read is then 

TXiKie to address AAAA hexaded- 
'SBCt amiinutd on page ^ 




Fignic 3: A OTtuU du^mn of tht AppU ICE caid. 
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Hxt continued from ipage 420 
mal, placing the high, low, hi^, low 
pattern on the target-system bus. The 
select latch is again acc^li^ and ad- 
dresses in the binary pattern 
01010 . . . are selected, followed by a 
dummy read to location 5555 hexa- 
decimal, thus compIementii\g the 
previous address-bus pattern. This 
procediu^ is repeated 256 times 
before a similar test pattern is started 
on the target system^s data baa. 

Exercising the system buses with 
this pattern allows the operator to 
determine, using an oscilloscope or 
logic probe, whether each line in the 
target system is drivaUe (i.e., no lines 
are stuck hi^ or low) ttad whether 
eadi line is contimioua from its 
source (the processor socket) to its 
destination on each chip. 

A more complex test could also 



check for shorts between lines by in- 
jecting a characteristic frequeivry or 
pattern mtif ioA iine.^^ conld 
then use a frequency meter or oscil- 
loscope to check for corruption be- 
tween lines. 

Toggling the sjrstem buses 256 
times does not allow enough time for 
checking even one drcuil node. The 
short routine below illustrates how 
the bus test (GTEST) is used in the 
test sequeridng program: 

ISO PRINT 'WS TESnNCr- 
BUSES" 

190 FRINT^^CmSg SRM^X FOR 

NESfT tlST)* 
200 CALL BTEST 
210 IFPEEK^-lfi3M)<-]27 



By placing tfie test witfiin a loop flu^ 
a^ checks the keyboard, the test 
Slpe^unffl you press the space bat 
Signaling that further testing isn't 
needed. 




Q nioMiei 
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Figure 4: Relative timing of the Ap]Ae slot 
signal I/O STROB E and the CS signal from 
ICL Note thai theVO S^OB£ s^Ml ooctn 
too late pr toe m tdam^ the bagd ad- 
dress bus. 



Listing 1: Jbggling all address and data-bus Una. 



SOURdt SHE: APPIOS 

0000: 

0000: 

0000: 

0000: 

0000: 

0000: 

0000: 

0000: 

C500: 

NEXT OBJECT FILE 

2100: 

2100:A2 00 
2102: 



2112:CA 
21I3:D0 ED 
2115: 

2115JU 00 

211F-J19 AA 
2121:60 00 C9 
21340A 
212S:D0EE 
213740 



ADI»ISSS AND DATA BUS TEST 

3 ; TOGGLE ADDRESS BUS AAAArSSSS 

4 ; 256 TIMES 

5 ;10GaLE CIAIABUSAA« 
6.j256ro«5 • 

8 ^ " 

g SELECT ' v IQU 

NAME IS APPTOGXDBJO 

10 ORG 
U LDX 
12 ;EXERCISE ADMffiSS BUS 



$2100 
#00 



13 ABU§, 

ts 

16 

It ■ t: ' 

ie 
ao 

21 ;EXERCI3E£tnA^ 
23 DBUS 

» 

2S 
38 

» ■"" - 

38 . • ; ■ 

»■ ■■'^^■^^^ 



L&A 
5IA 
UH 

IDA 

STA 
LDA 
DEX 
BNE 

U» 

;si3i 



STft 

DEX 
BNE 

ins 



#$AA 
SELECT 

«* 

$CDSS 

ABUS 

ffOO 
SELECT 



;SET COUNTER TO ZERO 
iSELECT ADDRESSES lOlOIXXX 



;IESS3S<»t»K3rr9I^ 

iREPEAT 256 TIMES 
SELECT ADDRESSES OOOOOXXX 
^Oien;^ DM A BUS 

ffl00lN1»t^ SYSTEM 

iREPEAI 256 TIMES 
•EQSGi^CCAIE^frE 



svccssm Assa<^: HO Eim^ 



2102 ABUS 
2115 DBUS 



2115 DBtJS 
CSOO SELECT 



21S2ABUS 
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RAM Checkerboaid Test 

The bask strategy for testing RAM 
requires writing a test pattern iirto 
memory, reading it back, and check- 
ing that both the write and read 
operations were successful. Many 
difteent test patterns can be used; 
each is sensitive to pactkolsr fajhuc 
modes <^ the memory. One popular 
pattern that provides in a reasrawtde 
amount of time a test of the read/ 
write capability of every bit in die 
RAM is the checkboard test pattern 
(see figure 5). 

Listir\g 2 shows this RAM test pro- 
gram. In it, a RAM location is 
selected and 55 hexadedmd (pmnOl 
biiuoy) is stored in the location and 
then read back and compared, tfflie 
comparison fails, the test terminates 
vii&i die .^^le disfd^lng a RAM 
foflure message. If ttie compuison 
passes, the location is then tested 
«vith tiie con^>leinentaiy pattern AA 
hexadecimal (lOlOlOlO hbury). The 
test then moves on to the next loca- 
tion and continues imtQ all loc^^ 
widiin die window (C800 to CFFF 
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rate bits are set to 1 and and checked. Vu 
pattern is then noersed and dudced before 
movbig off to the not ran tfedU. 

hexadedinal) have been exercised 
end tested. 

Before the RAM test in the main 
test program is called, thememcny^ 
select laAdi should be written to, 
moving the RAM to be exercised in- 
to die ICE test window. For example, 
dw fiAmving program woold test 
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'^■' ■'Bible study aids from EHeT^esearch"-"' 
Sysceins include the com- 
plete KJV Bible text on 
"disks. THE WORD pro- 
cessor, can search the 
Scriptures for any word or 
phrase- Any portion of the 
Bible can be printed or 

ireate your own 
materials 
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RAM from 0800 to OFFF hnMkdmd 
in die tvget ^ntem: 

250 PRI OT ■BAM IBSTING 

260 POKE SELECX OSiCAU 
RAMIESr 

The usual method for testing 
ROMs involves forming a checksum 
byte based on a sum of iffl die data 
within die ROM. However, faults 
ooiikl be concealed by several errors 
that cancel each other out. A tech- 
nique that is more sensitive and less 
Ukdy to mask errors involves per- 
forming a cycbc rednndancy diedc 
(CRQ on the ROM contents. It origi- 
nated in data communications, but 
more lecenttjr Wb been used in 
signature analysis, a relativ^ new 
troubleshooting tool pioneeied by 
Hewtett-Backaid. Uke most jobs in 
computing, the cyclic redundancy 
check can be evaluated by either 
hardware or software. The hardware 
model proves the simplest to 
illustrate. 

Kgure 6 on page 435 riiows a typi- 
cal CRC evaluation circuit using a 
IS-btt linear shift roister widi feed- 
bMic. Each bit of data is led seridfy 
into the register. When the data 
stream ends, the final binary pattern 
remaining in the register fonns the 
4-digit cyclic redundancy check. The 
feedback paths effective fixm a sum 
to the base 2 between the data fed 
back and the new date entering and 
ensure that every tiit entering the 
register conliflwies toward die final 
CRC or signature. 

An equivalent software routine is 
pfssented in Usdng 3w In dds sdieme, 
each byte firom the ROM under test 
is fed serially (bit to bit 7) to die 
sulnotUine FEEDBACK, whkih per- 
forms a sum to the base 2 of bits 15, 
U, 8, and 6 widiin the register and 
the incoming bit. When 16384 (2K x 
8) bits of data have entered the feed- 
back algorithm, the pattern remain- 
ing in locations SIGH and SIGL 
forms the final signature. 

TJa enable checks to be made on 
BOMi containing more dum 2K 
Ibt oDoMuiii on W 435 



IM^ZtApngmmtodmknhamHatRAM. 



SOUHCEflLE: AFFRAU 

0000: 1 

0000: 2 

0000: 3 



J>H0GI tAM10 CHBCKERBOABD TEST RAM 



0000: 










0000: 
fIBD: 










nms 


B WWtt ■ 


too 
iQii 




^SJODlBM 10 flCSKDt 
jOUTPUT HEX JHHT 


0008; 


9 foniT 


BQU 


06 


jPOINTER 


0000: 


. 10 : 








MEXI OBJECT FILE NAME IS APPRAMOBIO 








2090 


11 


ORS . 


taM 




2090:' 


12 ; 








2090:A9 00 


13 


LDA 


#00 




20108600 


14 


SOL 


PQOir 








"Off 






aancMcs 

309MB 08 


» 

17 


i.ni 

sn 


JtCB 

p^HNT+ 1 




2099:A9S5 


' u Star 


LDA 




■STATTT TBT Will n 


209B:91 08 


19 


' SIA 


(POINT) J 




209D-J}10e 


20 


CUP - 


fPODfrtT 




209FJ0 03 


21 


ESQ 


* a: 




20A1:4C BC 20 


23 


IMP 


ERIOt 


'DISPLAY ERROR UBSm Jm Bffi 


2QA4JUAA 


23 OC 


LDA 


JtAA 


4tGW TBT JUL 


2QAB:910e 


24 


sn 


(Poaff)T 


20MeD10B 


35 


CMT 




' AUD MCC AID QCtfflMS 




36 


BSQ 


OKI 




aaAC.-4C8C20 


27 


IMP 


BBRra 


■DISPLAT ERIOt >««ma» UD HID 


20AKE8 08 


38 OU 


IHC 


PCSNT 


:HEXr LOCATiai 


2061 :D0 E6 


2B ' 


am 


^MT 




20B3:E6 09 


30 


mc 






20B5JU09 


31 


LDA 






20B7:C9 DO 


38 


CUP 


ilDO 




20B9:D0DB 


33 


, an 


siawr 


AID cSM^hn/mv) 


aOBMD 


34 


RES 






aoac :■ 


3B ; 










36 ' AnOR KBPIJT IIOUTIM 






2i»a- 


37 ! 








20BC:A2 00 


38 ERIOl 


LDX 






20BE:BD DS 20 


39 HEXTl 


LDA . 






20C1:20 5DPD 


40 


Bit 






20C4:£e 


41 


MX 






20CS:E0 OF 


43 


CPX 




MSSMieSkuiir 


20C7J»F5 


43 


BHK 






2ocsjisn 


44 


LM 


09 


;atr..MIIIIMil10 KWW 


20CBd> 


45 


SIC 






46 


SBC 


fKX 




2ocitaoirfD 


47 


' ISR 


PRHEX 




20E>i)aattfD 


48 


m 


CBOUT 


.■C-aETURN ID SCREEN 


23000 ' 


48 


m 




; -AM^BNSRD) 


TODB: 


50 ;IBK»HBSSAOB 








20DS:A0 C5 D2 


51 UMSS 


ASC 


ft 


EmcncMMiSE- 


XD&ta CF DS 











20DB-JU)CFCB 

3Ea}S:A0DOCl 

2QIL-C7C8A0 



" SDOcBiBFtn. AS8IUB1X NO snoes 



430 -r - iiWit rniyy i ^ i i 



Text continued from page 42S 

bytes, three routines are used. The 
NSIG (new signature) routme resets 
the shift register pair SIGH, SIGL to 
zero and forms a signature on 2K 
bytes of ROM. In CSIG (continue 
signature), the shift register is not 
reset to zero at the start, thus allow- 
ing a continuation of a signature for 
ROMs greater than 2K bytes. The 
DISPLAY routine shows the contents 
of the shift register pair SIGH, SIGL 
in hexadecimal form. 

The following listing shows how all 
three routines can be used to evaluate 
the signature of a 4K-byte ROM 
located at BOOO to BFFF hexadecimal 
in the target s)^tein: 

320 REM BO HEX IS F6 

DEOMAL 
330 POKE SELECT,176 
340 CALL NSIG:REM FIRST 2K _ 

BYTES 
350 REM B8 HEX IS 184 

DECIMAL 
360 POKE SELECX184 
370 CALL CSIG:REM CONTINUE 

WITH NEXT 2 BYTES 
380 CALL DISPLAY:REM 

DISPLAY FINAL SIGNATURE 

Implementing a Test Program 

The Apple ICE described here can 
be used with a wide range of 6500 
microcomputers designed to run at 1 
MHz if all the onboard circuitry is 
controlled by the processor's 0^ clock. 
The AIM-65, for example, provides 
an ideal target system, containing as 
much as 4K bytes of RAM, 20K bytes 
of ROM, and a wide range of I/O 
devices— two 6522 VIAs (versatile in- 
terface adapters), a 6520 PIA (periph- 
eral interface adapter), and a 6532 
RIOT (RAM input/output timer). 
Figure 7 provides an overview and a 
memory map of the AIM-65, and a 
test sequence is shown in listing 4 on 
page 443. The program begins by 
testing the system buses, followed 1:^ 
a RAM test on the 4K bytes of RAM 
and a ROM test that forms signatures 
for each of the five system ROMs. 
The test sequence concludes with a 
check on the user 6522 VIA. For this 
test, the pOTfe are linked together 
Itxt continued on page 444 



(6a) 



SIGNATURE 
DISPLAY 



DATA 

FROM NODE 
UNDER TEST 



/_/ /_/ /_/ /_/ 
/_/ /_/ / / / / 
/ / \ ~ 



I 1 I [ I 1 

T||Tj^ 3 5 6 Tl 8 9 JlO 11 12 



13 



15 



le 



(6b) 



IM BYTE ma BYTE 3rd BYTE 41h BYTE 5tn BYTE 



ETC, 



LOGIC 1 



LOeiC ' 



Figure 6: A feedback shift register can be used to prm a cyclic redundancy check of ROM 
(6a). Data from ROM is in bitserid Ont to'Ut 7) byte-serial prm into the shift register (&}). 



Im7E)^TALKER 

text to speech synthesizer 

the new price/perforfmance standard 



Vie new INTEX-TALKER features 
professional voice queiiiy, unlimrtea 
wcaDulan/ and aulomatrc inflection 
contra/. Tlie tiuiit-'n text-to-phoneme 
algontttm pronounces the 1000 most 
commonly used words with an accuracy 
greater tfian 96 percent, 
INTEX-TALXER can speak or Spell any -^CII 
cext including punctuation. 

S K bytes of user programmable 
memory are provided. Use II^JTEX- 
TALKER as a dedicated controlier-or 
store up to 1000 special words or 
pinrases. A 2.7 K ctiaraccet buffer can t-e 
used for downloading user piagrams. 



Available at tne txjaid level JNTEX- 
TALKER can be easily customized Ibr 

your application. Nothing Is potted. 

At only S34'; comp^^re tfiese additional 
features 

• 64 inflection levels [auromatic or 
manual control) 

• 2.7 K character buffer 

• RS232C and Parallel connectors 

• Spelling and phoneme access modes 

• Adjustable baud rates (75-96001 

• Buili-in spealier option 

• Completely self-contalned-requlres no 
overnead 

• 5 octaves of music 

• Available at board le«f in OEM 
quantities 
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Figt?r<i 7i jjtt layout uid tg map cf Ote AIlA-65. 



Listing 3j A program to evaluate ROM sigratures. 
SOURCE HLE: APPSIG 



OOOOr I ;" ....I.., 

0000: 2 ; PROGRAM TO EVALUATE SIGNATURE 

0000: 3 ;OF QKBYTE BLOCK (C600-CFFF) 

0000: 4 ;EACH BYTE IS SERIALIZED BIT0-BIT7 

0000: 5 — 

0000: 6 ; 

0000: 7 ; 

0000: 8 ; 



NEXT OBJECT FILE NAME IS APPSISX)BI0 



2000: 


9 


ORG 


S2000 




1900: 


10 


COUNT EQU 


S1900 


;SIORE FOR SUM 


1901: 


11 


SIGL EQU 


51901 


;CURRENT SIGNATURE LOW BYTE 


1902: 


12 


SIGH EQU 


S1902 


;CURRENT SIGNATURE HIGH BYTE 


0008: 


13 POINT EQU 


S0008 


;BYTE COUNTER 


1903: 


14 


TEMP EQU 


SIGH+1 


.TEMPORARY STORE 


FDDA: 


15 


PRBYTE EQU 


SFDDA 


;PRINT A HEX BYTE 


FD8E: 


16 


CROUT EQU 


SFD8E 


.■GENERATE C-BETUBN 


2000: 


17 


; 






2000dl9 00 


18 


START LDA 


iOO 


.■ZERO SHin REGISTER 


2002:8D 01 19 


19 


STA 


SIGL 




2005:8D 02 19 


20 


STA 


SIGH 




2008:A9 00 


21 


VraiART LDA 


fOO 


";WABM START 


200A:85 08 


22 


STA 


POINT 




200C;Aa 


23 


TAY 






200D:A9 Ca 


24 


LDA 


i($ce 


;START OF BLOCK C800 


200F:ffi 09 


25 


STA 


POINT+l 




2011:B1 08 


26 


NBYTE LDA 


(POIND.Y 


";GET BYTE 


2013:8D 03 19 


27 


STA 


,:emp - 




20!6:A2 08 


28 


LDX 


m 


FOR 8 BITS 


2018:AD 03 19 


29 


NBIT LDA 


TEMP 




201B:29 01 


30 


AND 


m 


"BITO INTO COUNT 


2010;8D 00 19 


31 


STA 


COUNT 




2020:20 36 20 


32 


JSR 


FEEDBACK 


;APPLY FEEDBACK 


2023:6E 03 19' 


33 


ROR 


TEMP 


;READY FOR NEtT BIT 


2026:CA 


34 


DEX. 






2027:D0EF 


35 


BNE 


"MBIT 


";BACK FOR NEXT BIT 


2029:E6 08 


36 


■ INC - 


POINT 


;NEXTBYTE 


202B:D0 E4 


37 


BNE 


MBYTE 




2020:E6 09 


38 


INC 


POINT > I 




202F:A5 09 


39 


LDA 


POINT + l 




2D31:C9 DO 


40 


CMP 


;$Do 




2O33:D0 DC 


41 


BNE 


NBYTE 


"END OF BLOCK? CFFF 


2035:60 


42 


RTS 






2036: 


43 








2036: 


44 








2036: . 


45 


;FE£DBACK ALGORITHM— SUMS BITS 






2036: 


46 


:I5,11,8 AMD 6 V/ITH INCOMING BIT 






2036: 


47 


:ON ENTRY -COUNT CONTAINS INPUT BIT 




2036: 


48 








2036:AD 02 19 


49 


FEEDBACK LDA 


EIGH 


;TOP HALF OF SIG 


2039:10 03 


50 


BPL 


IIEXI 


:TEST BIT15 


203B:EE 00 19 


51 


INC 


c;ouNT 




203E:6A 


52 


NEXl ROR 






203F:90 03 


S3 


BCC 


IIEX2 


yiEST BIT 8 


2041:EE 00 19 


54 


INC 


(X)UNT 




2044:6A 


53 


NEX2 ROH 


JL 




2045:6A 


56 


ROR 


Jl 




2046:6A 


57 


ROR 


JL 




2047:90 03 


58 


BCC 


IIEX3 


":TEST BIT 


2049:EE 00 19 


59 


INC 


COUNT 




204C:AD 01 19 


60 


NEX3 LDA 


:iGL 


■BOTTOM HALF OF SIG 


2D4F:2A 


61 


ROL 


A 




2CB0:2A 


62 


ROL 


iL 




2051:90 03 


63 


BCC 


IIEX4 


";TEST BIT 6 


2053:EE 00 19 


64 


INC 


COUNT 


2056:6E 00 19 


65 


NEX4 ROR 


COUNT 


";SUM INTO CARRY 


2059:2E 01 19 


66 


ROL 


ilGL 


;CARRY INTO BITO LBYTE 



luting 3 continued on page 443 
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67 ^^5^^! 


HOL 


SIG91 


^immA ran oiXv OOl 




68 


RTS 






69 DISBLiE, 




SIGH 


■MSB TO DISPLAY 


''yis3^ DA FD 


70 




PflBYTE 


■ONTO APPLE DISPLAY 




71 


LDA 


SIGL 


■LSB TO DISPLAY 


aOB9:20 DA FD 


72 


ISR 


PRBYTE 


£9170 APPLE QtanJii 




73 




CROUT 




206^ 


74- 


RTS 







• SU0CSSWULASSEMBI7; HO SaOBS 



liitiiig 4: fiif^iimilt BASTC pn|;nm lequenemg itsts. 
Ilftlng4 



^ AAW HST BGOXBIE 

HOME 

REM DEFINE SYSTEM ADDRESSES 
SELECT = - 15100 5I»«i---CS)00 -^'^ff^'^ 
DISPLAY = 8288 

N5IG - 8192 

CSIG = 8200 

RAMTSST « B336 
IWHT" " 

pnirr usksoq uju^gia co^^Eiiar 

PRINT na^QADAPPtSSff' 

PRINT" 

PRINT "BUS TESTING-PROBE TARGET I 
PRINT "(PRESS SPACE FOR NEXT TEST)" 
CALL BTEST 

IF PEEK (- 16384) < - 127 THEN 300 

raim "WW TSSTai#ogiiiMa^ . n,;^. 

POKE SELECTS dUlRXtrilST 

PRINT "RAM TESTDTG OaOO-OFFT 
POKE SELBCT,08: CALL RAMTEST 
PRINT" '':naNT-KU(nS^<XJMElffiB' 
PRINT" ■ 

PRINT "ROM aGKmnOES BLOCKS ifSJWt ' 

PRINT" Vft <0 % 
FOR N . 176 TO 240 STEP 16 « " 
POKSmBCTJfcCALtHSIQ ^ 

CALL DISPLAY -t^. 
NEXTN - , ' . 

PRINT" -:PRDIT-'BOUSI«Senna&^30k^«m- 

PRINT" 

PRINT " VIA TESr' 

POKE SELECT, 160: REM SELECT BLOCK AXXX 
APHT - 5120I:BPRT = 51200 
AiaR - 51203:BD!R - 51302 

POn AOnUI: POKB BDO^ 

HEMaMw-aOTwrr 

FOR N - TO'2S5 

POKE BPBT,N ,^ 

IF PEEK(APRT) < > N THEN PRINT "VIA ERROR" ^ 

NEXT N - y. 

POKE BDIR,0: POKE ADIB^iSS 

REM BINPUT - A OUTPUT 

FOR N - TO 255 

PCMCEAPHTJI 

IFPEEKtBPim o HfaWKHm-VUBnOB'' ^ 
HEXTN 

PRINT" ": KttNT " TIST COMKJre" 

^ Listing 4 amtmued on page 444 



littB^ 4 amtinuid: 
IRUH 

LQKESHQ HACHBIB CC^ 1^ 

BtTSTESnNS-PRCSEXftRGVTSrajRbfniSS (pRESS SMCX KXt MCXT TEST) 
RAUIESrB«3OQO|0W 

RAMnsTscqNKin 

ROM SIGNATURES BLOCKS BAD.EJ' 

B072 
«A9t 

ROM SBSaOTUSKS ccaifpLm 

VIATZS^ 

TESt^COMLEn 



Ttcl cdntimad fnm p^ge 435: 

wKh a hard-^viied fixture connecting 
BaO to PBa PAl to PBl, and so (SL 
TRe iDutine starts by configuring port 
A as an input and port B as an out- 
put A test pattern is then wrftten out 
port B and read and checked at port 
A. The of the ports is then 
reversed, and the test is repeated. 

This exanqde illustrates some tech- 
niques ttiat can be used with the 
Apple ICE. A more detailed program 
for the AIM-^ would test the re- 
maining I/O devices, sudi as the dis- 
plaj', printer andk^rboard, and more 
ttioroughly guide live uset Howevet 
fee idcM prese nt ed here illustiate the 
principles behind the techniques and 
mirror those found in commercial in- 
struments. The Ap|de ICE is there- 
fore not only a practical faidt-finding 
tool but also an ideal, low-cost, edu- 
cational aid.B 
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